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I. Introduction
Fish consumption in Nigeria stands at about 1.5 million metric tons per annum [1] . The high demand for fish has resulted in the increase in the number of fish ponds in Abuja. Individual farmers, organised groups and institutions have developed, constructed fish ponds and started fish farming oblivious of the cost. Due to lack of proper expertise and poor management, most farmers carry out fish farming in non-standard environment [2] . Most of the farmers use large quantities of untreated waste water discharged from domestic effluents, construction sites, mining sites and other industrial sources [2] . Most of these sources of water are highly contaminated with heavy metals which interfere with the general productivity of fish [3] .Local feeds used in feeding fish may be contaminated in store, during processing, mixing or transportation as a result of spoilage or contact with non-agricultural materials being carried in the same compartment, which can create the tendency of heavy metals contaminants to accumulate to toxic concentrations in fish and its habitat and may pose as a potential health risk to humans when consumed. Poor construction and maintenance of the ponds has also resulted to unconducive physico-chemical properties of the water thereby interfering with productivity. Lack of knowledge on good hygiene practices has also directly contributed to the degradation of fish ponds water quality for habitats thereby resulting to death of fish. Some of the harvested fish from this habitat are small in size, an indicator of stunted growth. According to [4] it is expected that the pH, total alkalinity, electrical conductivity and hardness as well as other physico-chemical parameters lie within acceptable ranges that would support fish productivity. The Heavy metals of serious concern with respect to human health, derived from agro-chemical and industrial wastes are Cd, Cu, Fe, Pb, Ni, Zn, and Hg [5] .These pollutants are capable of being biomagnified in the aquatic food chain/web and bioaccumulated in high concentrations in fish tissues to the detriment of fish consumers. Since Lugbe, Idu and Kuje are hubs for fish farming, this study was carried out to determine the concentrations of Fe, Zn, Cd, Cu, Pb and Ni in water, soil and fish (clarias gariepinus) samples from the fish ponds in those areas and the results were compared with acceptable standards. A correlation of the heavy metal concentrations between the different samples was made to evaluate the sources of contamination.
Heavy Metals
Heavy metals have a large effect on the environment and cause many health risks for humans. When heavy metals accumulate to toxic levels, they can cause illness in humans [6] . An assessment of heavy metal pollution in surface water in Ganga river, the most sacred and important river of India has been performed and in the midst of the inorganic contaminants of the river water, heavy metals were becoming more critical and often accumulate through tropic levels causing deleterious biological effects [7] .These heavy metals are from anthropogenic activities like mining, disposal of treated anduntreated waste effluents containing toxic metals as well as metal chelates, from different industries such as tanneries, steel plants, battery industries, thermal power 
Correlation between Aquatic Life and Heavy Metals
Fish are at the top of the aquatic food chain and therefore, are more likely to accumulate large amounts of heavy metals from the water [8] . Fish are used in fresh waters as the major indicator for estimating the amount of trace metals referred to as pollution [9] . When these fish are consumed, they pose a potential health hazards in humans. Various organs in fish absorb heavy metals due to their affinity for them, this result in fish concentrating metals at different levels in various organs of the fish. The process made it imperative to determine the concentrations of heavy metals (Cd, Cu, Fe, Pb, Ni, Hg and Zn) in fish population from different water bodies as possible risk of fish consumption with heavy metals from these water sources exists.
Aim of study
To assess the concentration of some heavy metals in water, soil and fish samples and the suitability of the physico-chemical parameters of the water from the selected ponds located at Kuje river bank, Idu industrial area and Lugbe in Abuja, Nigeria.
Scope of Study
The concentration of selected heavy metals were determined in water, soil and fish samples from three selected fish ponds in Kuje river bank, Idu industrial area and Lugbe, all located in Federal Capital Territory, Abuja. Each sample collected at four weeks intervals between May-July 2016 was analyzed in triplicate. The physic-chemical properties of the water samples were determined to ascertain its suitability for fish cultivation. A total number of 81 samples were collected and analyzed.
II. Sampling

Sample Collection
The samples were collected from each fish pond once in every four weeks between May 2016 and July 2016. A total of 4 litres each of water samples from different points at 20 cm depth of the pond were collected using 250 mL bottles which were pre-washed with 10 % nitric acid and distilled water. Bottom soil/sediment samples were obtained from the same point where water samples were collected. At each point, three sediment samples were taken superficially using pre-cleaned 100 mL, wide mouthed, disposable plastic containers and packed separately in polyethylene bags. Matured fish samples 2 in number (aged between 5-15months) from each pond were collected using a mini trapping fishing net and were killed using a ceramic knife and placed in ice box at a temperature of 4 o C before transporting to the laboratory for analysis. All Collected samples were labeled based on the location of each pond and period of collection.
III. Method Of Analysis
Preparation of Standard Solutions
Standard solutions of Cu, Zn, Fe, Cd, Ni and Pb were prepared from their salts according to [10] procedure for Atomic absorption spectroscopy. A known 1000 mg/L concentration of the metal solution was prepared as the stock solution. Standards solution were further prepared from the stock solutions by dilution with deionized water.
Sample Preparation
To obtain a representative sample, composites of the fish were prepared by taking the edible tissues (fillet) of the two fish samples at each sampling site. The fish samples were oven dried at 105 o C until they reached a constant weight [11] . Each dried sample was then ground into a fine powder using porcelain mortar and pestle, and thereafter all powdered tissues were kept in desiccators prior to further chemical analysis. Soil samples were dried in an oven at 55 o C for 48 hours and fine powder was made by grinding with mortar and pestle to form a composite mixture which was stored in a polyethylene bag in a desiccator for analysis.
Digestion of Samples
The ashed fish sample weighing 2.07 g was placed in a 250 cm 3 beaker, then 5 cm 3 of concentrated nitric acid (65 %) and 1cm 3 hydrogen peroxide H 2 O 2 (30 %) was added and heated on a heating mantle under a fume hood for 2 minutes until almost dry which was then cooled to a temperature of 25 o C [11] .The solution was then filtered using Whatman No. 45 filter paper and diluted with deionised water to 50cm 3 and stored in polyethylene bottles. Determination of the heavy metals in the filtrate of the digested samples was achieved using an atomic absorption spectrophotometer.
The dried sediment sample weighing 2.18 g was placed in a 250 cm 3 beaker, then 5 cm 3 of concentrated nitric acid (65 %) and 1cm 3 hydrogen peroxide H 2 O 2 (30 %) were added and heated on a heating mantle under a fume hood for 2 minutes until almost dry which was then cooled to a temperature of 25 o C [11] . The solution was then filtered using Whatman No. 45 filter paper and diluted with de-ionized water to 50 cm 3 and stored in polyethylene bottles. Determination of the heavy metals in the filtrate of the digested samples was achieved using an atomic absorption spectrophotometer.
Analyses of Physico-Chemical Parameters of Water Samples
The pH and temperature of the water samples of Lugbe, Idu and Kuje fish ponds were measured in situ. Chloride, total dissolved solids, turbidity, electrical conductivity and total hardness were determined in the laboratory to ascertain the water quality using a using [12] guideline.
Metals Quantification in Water Samples
Acid preserved water sample (100 mL) was taken in a beaker and 10 mL of nitric acid was added. It was then brought to a slow boil and evaporated on a hot plate to the lowest volume possible of 15mL before precipitation occurred. Heating was continued with the addition of concentrated nitric acid till digestion was completed indicating a light coloured clear solution. Care was taken not to let sample get dried during the digestion. Beaker wall was washed with distilled water and volume was made up to 100 mL by adding distilled water [12] . The sample was then filtered and the filtrate was collected for analysis using Thermo Scientific SOLAAR S series atomic absorption spectrometer.
Samples Analysis by Atomic Absorption Spectroscopy
Atomic Absorption Spectrophotometer was used for the metal determinations which involved the use of Hollow Cathode lamp (HCL) for each of the respective elements. The analysis was carried out at the Sheda Science and Technology Complex (SHESTCO) Advanced Chemical Laboratory using Thermo Scientific SOLAAR S spectrometer. Results obtained from the spectrometry analysis were used to calculate the actual metal content in each sample using the equation below;
Metal content (mg/g) = Concentration in solution from AAS result (mg/L) × vol of dilution (L)
Weight of sample (g) × 1000 (Tables 1, 2 , and 3) showed that the highest recorded temperature was 30 ºC in Kuje and the lowest 26 ºC in Idu. Increased temperature causes an increase in the metabolic activity of the fish while reducing the dissolved oxygen content in the system [13] . The total hardness was highest in May at 66 mg/L in Lugbe when the volume of rainfall was low and lowest in July at 30 mg/L when the volume of rainfall was much at the same location. In Idu, it followed the same pattern; the total hardness was 60.6 mg/L in May and 48.0 mg/L in July. The same was for Kuje, the total hardness was 38 mg/L in May and 28mg/L in July. Hardness is a vital factor in maintaining good pond equilibrium. Chloride concentrations are minimal in all the three locations with values between 0.012-0.062 mg/L, which fell below the WHO permissible limit of 250 mg/L. The pH of the water in Lugbe ranges from 6.20-7.04, 6.28-7.11 for Idu and 6.50-7.20 for Kuje. The pH values obtained were consistent with the findings of [14] and [15] . The electrical conductivity (EC) of the water in Lugbe ranges from 374-481 µS/cm and that of Kuje, 500-588 µS/cm. The EC of water in Idu ranges from 689-710 µS/cm were above the WHO acceptable limit. The measured turbidity of the water in Lugbe and Kuje of >1000 FTU were above the permissible limit set by WHO of 1000 FTU [16] .The water turbidity levels recorded at Idu were between 78.57-178.00 FTU which fell within the WHO permissible. The total dissolved solids (TDS) for Lugbe water ranges from 226-489 mg/L, that of Kuje ranges from 290-312 mg/L and that of Idu 420-428 mg/L all fell within the EPA permissible limit of 500mg/L. For Lugbe, Table 4 shows the metal concentrations was in the order Fe>Ni>Pb>Cd>Cu>Zn in water. Iron has the highest concentration of 0.6640 mg/L than other metals present in the water which could be as a result of corrosion of the iron or steel borehole casing and the geology of the location of the pond. The concentration of zinc was least at 0.0216 mg/g in the water sample. Lead was found to be highest in the water sample at 0.2974 mg/g; Lead is found easily in pond water where lead pipes are used to flow water into and out of the pond. The hardness of the water is a major factor of how much lead will dissolve in the surface water [17] . The soil samples had more of the iron concentration at an average of 0.5765 mg/g; this may be due to the rust in the inlet pipe used in supplying water to the pond and subsequent absorption by the soil. Cadmium was present in least concentration of 0.0003 mg/g in the soil samples. The fish samples had more concentration of nickel at 0.0218 mg/g; the level of the nickel may be attributed to its uptake from the water by the fish. Higher level of zinc at 0.0198 mg/g in the fish sample as against the water and soil could suggest that the zinc accumulation came from the foods taken by the fish. The nickel, iron, and cadmium, iron, lead, copper and zinc concentrations in water, soil and fish in the Lugbe fish pond did not exceed the FAO/WHO maximum permissible limit. Table 5 , the concentration of heavy metals was in the order of Cu>Fe>Ni>Zn>Pb>Cd in water. Copper had the highest concentration of 0.0417 mg/L in water. The concentration of Pb in water was 0.1323 mg/L. A previous study carried out in England showed that high level of lead in some pond water can be attributed to industrial and agricultural discharge [9] . Lead is a cumulative toxin and its other sources include automobile exhaust fumes, used dry-cell batteries, from sewage affluent, run off wastes and atmospheric deposition [9] . Lead concentration at 0.1323 mg/l in the water was above the WHO standard limit of 0.01mg/g. The high level of iron (0.5496 mg/g) in soil as against that in water and fish is attributed to the industrial and construction activities around the pond. The Soil samples in Idu had less of the metal concentrations compared to that found in the water samples. Iron has the highest concentration of 0.5496 mg/g, which could be as a result of its general abundance in soil [17] .The average pH of the water above the soil is slightly acidic hence a likely increase in the availability of iron in the soil [9] .The metal concentrations in the fish samples are in the order Cu>Fe>.Zn> Ni>Pb>Cd. The mean average copper concentration in fish was found to be 0.0386 mg/g less than that found in soil and water likely as a result less absorption of the metal by the fish. The mean concentration of copper in the fish samples was 0.0386 mg/g which fell below the permissible limit set by WHO of 1.0 mg/g. The varying concentrations of the metals found in the fish depend on various factors such as feeding behavior and temperature. [16] . The concentration of 0.6862mg/g for the soil is also above the WHO limit. The surrounding environment of the pond is agricultural farmlands whereby the high level can be attributed to wash off from chemicals and fertilizers from the farmland and accumulation of the iron in soil. The concentration of lead in water 0.3939 mg/L is above the WHO acceptable limit. Lead could have entered the pond in different forms of salt. Lead and lead (II) salts and organic lead compounds are considered ecotoxicologically harmful [9] . Other forms of lead could be lead acetate, lead oxide, lead nitrate, and lead carbonate that entered the surface water. Increase in the average concentration of lead in the plants found in the fish pond can lead to the transportation of the lead into the water body. Plants may take up high levels of lead up to 500 ppm from soils [18] . The metal concentrations in the soil is in the order Fe>Ni>Zn>Pb>cd>Cu. Iron was found to be 0.6862 mg/g while cadmium and copper were not detected in the soil samples. Zinc was found to be 0.0044 mg/ g which is consistent with the work done by [17] . The average iron concentration in the fish was found to be 0.0102 mg/g which was below the WHO limit of 0.1 mg/g, the concentration of the iron in the fish is consistent with those reported in USA [15] and those by [19] in Egypt. The concentration of lead in fish at 0.0024 mg/g shows that the lead could have been transported into the fish through the gills of the fish. There was no cadmium and copper contamination detected in fish.
IV. Tables Of Results
V. Conclusion
The results of this study revealed that consuming fish from the ponds in Lugbe, Idu and Kuje may be harmful to consumers in the long-term because some observed values of heavy metals in the water samples and soil samples were above the permissible limits issued by FAO/WHO and can easily be absorbed by the fish considering the strong correlation among all the sample unless proper actions are taken to mitigate the presence of the heavy metals found in the samples.
